orthodox seeds, and one subsample of any accession should be systematically stored in liquid nitrogen, in addition to the samples stored under gene bank conditions (Engelmann and Ramanatha, 2012; Zevallos et al., 2013) . Special consideration should be given to cryostorage of elite landraces, commercial varieties, and cultivars. These categories of genetic resources, once lost, are very difficult to reconstitute when viability of seeds from gene banks is slowly lost. Cryopreservation can be also used to eradicate severe pathogens in numerous plant species (Wang et al., 2009) . Therefore, the establishment of an efficient cryopreservation protocol may be a prerequisite for cryotherapy and virus eradication in tomato germplasm as well. Among the vitrification-based cryopreservation techniques, droplet vitrification produced high postcryostorage recovery (Kim and Lee, 2012) and proved to be an efficient method across many species and complex tissues, such as shoot tips and somatic or zygotic embryos (Lambardi et al., 2000; Sakai and Engelmann, 2007; Keller et al., 2008; Benelli et al., 2013) . Besides the high concentration of plant vitrification solution used (Sakai et al., 1990) , the droplet vitrification method is characterized by high cooling and rewarming rates (Kartha et al., 1982) ; this facilitates the rapid transition of intracellular water from a liquid state to a glassy state, preventing the formation of ice crystals and the irreversible damage of the cell membrane and cell components (Pearce, 2004) .
Ensuring the genetic integrity of preserved plant material is of significant importance for quality germplasm conservation and its sustainable use. Therefore, the major aim of cryopreservation is to maintain genetically stable plant material (Kaczmarczyk et al., 2012) . Cryopreservation causes many stresses that could potentially damage or affect the genetic stability of plants or induce epigenetic changes (Harding, 2004; Peredo et al., 2008) . In terms of molecular analysis, the main methods routinely used to assess global DNA integrity of cryopreserved plant material are randomly amplified polymorphic DNA (RAPD), restriction fragment length polymorphism (RFLP), simple sequence repeats (SSR), amplified fragment length polymorphism (AFLP), and methylation-sensitive amplified polymorphism (MSAP) (Kaczmarczyk et al., 2010 (Kaczmarczyk et al., , 2012 Kaviani, 2011; Wang et al., 2013) .
The aim of our work was to test the genetic integrity following liquid nitrogen storage of five elite tomato cultivars by two approaches: AFLP, which screens the entire genome, and a candidate gene approach by sequencing the lycopene β-cyclase gene (LCY-B) from leaves. These cultivars were developed by breeders from two Romanian research institutes (S.C.D.L. Buzau and R.I.D.V.F.G. Vidra) to correspond to different usages (fresh consumption, ketchup, juice, paste) and represent valuable genetic resources for breeding programs. From our knowledge, in spite of their commercial value, there are no initiatives focused on the ex situ conservation of these cultivars in seed banks. Moreover, this is the first report using sequencing of LCY-B gene as a tool for genetic stability evaluation following liquid nitrogen exposure.
Materials and methods

Cryogenic storage by droplet vitrification
The clonal uniformity of many commercially available cultivars is not always maintained through seeds. Therefore, plant tissue culture and shoot tips were considered for true-to-type vegetative propagation and cryopreservation of these cultivars.
In vitro-grown tomato (Lycopersicon esculentum Mill., cvs. 'Capriciu' , 'Darsirius' , 'Kristin' , 'Pontica, ' and 'Siriana') plants were used for excision of shoot tips. For initiation of in vitro cultures, tomato seeds were surface sterilized with 75% Clorox (active chlorine content 5%) for 15 min and rinsed with sterile distilled water. The seeds were germinated in 250-mL Erlenmeyer flasks on halfstrength (1/2) Murashige and Skoog (1962) -benzyladenine, 0.5 mg L -1 1-naphthylacetic acid, 30 g L -1 sucrose, and 7.6 g L -1 agar. Subcultures were performed every 4 weeks. Shoot apices (meristematic dome with 2-4 leaf primordia, 2-3 mm in length) were excised from in vitro-grown plants in sterile conditions and were transferred to sterile filter paper placed in petri dishes (5 cm diameter) moistened with 10 mL of MS basal liquid medium enriched with different sucrose concentrations (0.1, 0.25, 0.5, 0.75, 1.0, and 1.5 M) for 24 h. Following osmoprotection in sucrose, explants were dehydrated with the plant vitrification solution 2 (PVS2) (Sakai et al., 1991) for different durations (10, 20, 30, 40, 50, and 60 min) . For freezing, shoot apices were transferred to sterilized aluminum foils (0.5 × 2 cm in length) in PVS2 droplets (6 μL) and were directly immersed into liquid nitrogen in cryovials (one aluminum foil per cryovial) and then transferred to the storage dewar. After 24 h storage at -196 °C, samples were rewarmed in liquid MS medium (with 30 g L -1 sucrose) (pH 5.7) at room temperature. Thereafter, explants were transferred to MS medium (in 5 cm diameter petri dishes) with 5 g L -1 agar for plant recovery. The culture conditions were similar to those mentioned above.
AFLP assay
Genomic DNA was extracted from leaf tissue using a DNeasy Plant Mini Kit (Qiagen, the Netherlands) according to the manufacturer's protocol. Purified total DNA was quantified using the NanoDrop 2000 Spectrophotometer (Thermo Scientific, USA). DNA samples were stored at -80 °C until use. AFLP was carried out according to Vos et al. (1995) with minor modifications. Genomic DNA was digested with EcoRI and MseI and ligated to EcoRI-and MseI-specific adapters at 37 °C for 2 h. The ligated DNA was preamplified using EcoRI and MseI primers, with one selective nucleotide at the 3' end of each primer. Preselective amplification was performed using the following cycling parameters: 1 cycle of 72 °C for 2 min, 30 cycles of 94 °C for 30 s, 56 °C for 30 s, 72 °C for 2 min, and 1 cycle of final elongation at 72 °C for 10 min. Selective amplification was carried out with four primer combinations: EcoRI-AAC/ MseI-CAA, EcoRI-AAC/MseI-CAG, EcoRI-AGC/MseI-CTT, and EcoRI-AGC/MseI-CAC, based on the literature (Miao et al., 2009) (Table 1) . Selective amplification was performed with 1 cycle at 95 °C for 10 min, 13 cycles at 94 °C for 30 s, 65→55.9 °C (ΔT = -0.7 °C/cycle) for 1 min, 72 °C for 1 min, 23 cycles at 94 °C for 30 s, 56 °C for 1 min, 72 °C for 1 min, and 1 cycle of final elongation at 72 °C for 10 min. The selective amplification polymerase chain reaction (PCR) products were purified by using a mixture of Sephadex and Sephacryl (1:1) (GE Healthcare BioSciences AB, Sweden) on Millipore plates. The purified products were then diluted 50 times before further use. The purified PCR products were migrated on a genetic analyzer (ABI PRISM 3130 -Applied Biosystems, USA) using a 36-cm capillary and POP 7 polymer. To test the reproducibility of the method, replicates and one negative control were analyzed for each primer combination (Bonin et al., 2004) .
LCY-B sequencing
Total RNA was isolated using a commercial kit: DirectZol RNA MiniPrep (Zymo Research). RNA extraction was verified by agarose gel electrophoresis (1%). RNA quantification was performed by spectrophotometric evaluation and the resulting values ranged from 270 to 1650 ng µL -1 . RNA reverse transcription was performed by using a commercial kit SuperScript II RT (Invitrogen, USA). Specific primers were generated based on existing GenBank submissions of the gene and by using Pearl Primer software v. 1.1.21 (Marshall, 2004) . Full sequencing required the use of internal primer combination (Table 2) . PCR products were purified by using WizardR SV Gel and PCR Clean-Up System (Promega, USA). Purified products were checked by 1% agarose gel electrophoresis. Sequencing of LCY-B gene was performed by means of BigDye Terminator Cycle Sequencing Ready Reaction Kit, v. 3.1 (Applied Biosystems), using an Eppendorf Mastercycler epGradient S. PCR products were purified by Sephadex and Sephacryl (1:1). Samples were mixed with HiDi formamide and migrated on the genetic analyzer mentioned above.
Assessment of regrowth, genetic integrity, and statistical analysis
The regrowth after cryopreservation was recorded as percentages of shoot apices producing normal shoots (growth in length and formation of new leaves) from the total number of cryopreserved shoot tips 30 days after rewarming and transfer to regeneration medium. A total of 10-12 explants were used for each of the three replications AFLP and sequencing of lycopene β-cyclase gene were performed on in vitro regenerated plants after cryopreservation (LN+) and on in vitro noncryopreserved plants used as controls (CT). In both cases, samples were harvested 30 days after regeneration. Leaves from five in vitro regenerants of each cultivar were collected. A total of 50 regenerants (25 cryopreserved and 25 controls) were analyzed by AFLP and for sequencing of LCY-B gene. For AFLP, the size-calibrated genescan files were imported into GeneMapper v.4.0 (Applied Biosystems) for scoring. Fragments within the 50-500 bp range were scored to produce a present (1) / absent (0) matrix. Based on AFLP matrix, a neighbor-joining (NJ) tree was generated by means of SplitsTree software v. 4.10 ( Huson and Bryant, 2006) . Bootstrap values were obtained with 1000 replicates. To verify these data, a principal coordinates analysis (PCoA) of the AFLP matrix using the Simpson similarity index was also performed with PAST (Hammer et al., 2001) . Sequence alignment and correction of sequence errors were performed in BioEdit v.7.0.9.0 (Hall, 1999) .
Results
Effect of sucrose concentration and dehydration duration on shoot development
To find the optimum sucrose concentration for high regrowth rates, shoot apices were precultured in sucrose, subsequently treated for 15 min with PVS2 for dehydration, and then immersed into liquid nitrogen. This dehydration duration was selected based on our previous studies as a minimum time to ensure survival after cryopreservation. The sucrose concentration in the preculture medium significantly affected the overall postthaw regrowth percentages in all cultivars (Table 3) . Shoot development following liquid nitrogen storage increased up until 0.5 M sucrose and then decreased with further increase of sucrose concentration to 1.5 M. The highest regrowth percentages after liquid nitrogen exposure ranged between 43% (Kristin) and 50% (Capriciu and Darsirius) and occurred from shoot apices precultured in 0.5 M sucrose. None of the cultivars survived after cryopreservation without preculture in sucrose and very low recovery rates (7% Pontica) were obtained after treatment with 1.5 M sucrose. Based on the sucrose concentration results, shoot apices were further precultured in medium with 0.5 M sucrose for testing various dehydration times ( Figure  1 ). Regrowth percentages increased with exposure time Table 3 . Effect of osmoprotection in various sucrose concentrations on regrowth of untreated control (uCT), PVS2-treated control (tCT), and cryopreserved (LN+) tomato shoot apices. and reached their highest level when shoot apices were dehydrated for 20 or 30 min according to cultivar and then decreased with further exposure to the vitrification solution. The highest recovery rates ranged between 60% (Kristin) and 70% (Pontica) following preculture in 0.5 M sucrose and dehydration in PVS2 for 30 min ( Figure  1 ). When a dehydration time of 60 min was applied, the regeneration percentages significantly dropped and very low or no shoot regrowth was observed.
AFLP analysis
The final AFLP matrix contained 107 fragments, with sizes ranging between 51 and 241 bp. All bands and the relative shape and size of the peaks in the electropherogram were highly reproducible with 100% reproducibility of the experiment. The average number of AFLP fragments was 100 in Capriciu, 98 in Darsirius, Kristin, and Pontica, and 99 in Siriana. For each of the five genotypes, the number of fragments remained constant after cryopreservation. NJ analysis showed that LN+ and CT samples were grouped together for each cultivar, thus providing strong evidence of genetic uniformity and supporting the efficiency of cryopreservation in preserving the genetic integrity of the stored tomato plant material (Figure 2 ). PCoA analysis (Figure 3 ) revealed the same results as NJ analysis, thus underlining the high genetic similarity between LN+ and CT plants and the effectiveness of cryostorage.
Sequencing of LCY-B gene
Tomato plants contain two types of encoding genes for lycopene β-cyclases: LCY-B expressed in leaves, flowers, and fruits, and CYC-B expressed exclusively in flowers and fruits (Dalal et al., 2010 Figure  4 ). This SNP leads to amino acid exchange in the codified protein; thus the GAT codon codifies for aspartic acid while TAT codifies for tyrosine.
Discussion
In this study, we established an efficient cryopreservation protocol for tomato shoot tips and then studied the genetic stability of plants recovered from liquid nitrogen storage by AFLP and sequencing of lycopene β-cyclase gene (LCY-B) in leaves. Cryopreservation studies have been reported for tomato seeds (Stanwood, 1985; Zevallos et al., 2013; , shoot tips (Coste et al., 2014) , meristems (Grout et al., 1978) , and pollen (Sacks and St Clair, 1996; Karipidis and Douma, 2011) . Our research showed that tomato shoot tips excised from in vitro-grown plants can be cryopreserved using the droplet vitrification protocol with a maximum of 70% shoot recovery rate in Pontica. However, a previously tested cryopreservation method (encapsulation-dehydration) revealed similar recovery rates for the tomato cultivars investigated in the present study (72% for Pontica, 66% for Kristin), thus proving that regeneration is mostly genotype-dependent (Coste et al., 2014) . Regarding the influence of sugars, it is known that they play an important role in the acquisition of resistance to desiccation and liquid nitrogen exposure (Suzuki et al., 2006; Barraco et al., 2011) . High sucrose concentrations (1.0 and 1.5 M) had generally an unfavorable effect on survival after cryopreservation in all the tested tomato genotypes, decreasing the regrowth ability. Plant shoot tips do not survive exposure to liquid nitrogen temperatures without treatments with cryoprotective solutions, which vary in their toxicity and their protective mechanisms (Benson, 2008) . The lack of shoot regeneration after cryopreservation without preculture in sucrose shows that the PVS2 treatment alone was not able to protect shoot tips from the lethal effect of freezing in liquid nitrogen. Plant vitrification solutions induce a certain level of dehydration in cells, but the extent of dehydration is not known (Volk and Walters, 2006) . When applying cryopreservation, it is important that the stored material is capable of producing plants that are true-to-type to the nontreated genotype. Regeneration after cryopreservation through callusing is undesirable and was associated with somaclonal variation and cryoinjury (Demeulemeester et al., 1992) . In this study, cryopreserved shoot tips developed shoots directly, without an intermediary callus phase, and grew to phenotypically normal plants. Similar to our results, no phenotypic changes were reported in wild tomato seedlings regenerated after liquid nitrogen storage, while changes in free and total phenolics were registered (Zevallos et al., 2013) .
Using four primer sets and a comparison of 107 fragments for each sample, AFLP assay gave no indication of genetic variation in shoots analyzed after recovery from cryopreservation. This lack of polymorphism suggests that the genetic integrity of the tested tomato cultivars was not altered due to cryopreservation. Our results are similar to those reported by other authors using AFLP to test genetic stability in different plant species (Peredo et al., 2008; Zarghami et al., 2008; Castillo et al., 2010) . However, Castillo et al. (2010) showed that although no polymorphisms were detected in Rubus shoots analyzed immediately after recovery from cryopreservation, AFLP was able to detect differences in three out of four genotypes when subcultured for 7 months. These polymorphisms proved to be genotype-dependent and transient, being no longer detected after 1 year of growth in the field. On the other hand, Peredo et al. (2008) found no genetic variations among greenhouse-grown controls and coldstored or cryopreserved hop plants when using RAPD and AFLP. However, epigenetic testing (MSAP) revealed over 36% polymorphic loci in cold and cryotreated hop plants versus greenhouse plants. Moreover, Zevallos et al. (2014) studied the effect of seed cryopreservation on the phenotypic and molecular characteristics of wild Solanum lycopersicum Mill. plants. While no differences were observed at the phenotypic level, SSR analysis uncovered some changes in microsatellite length between control and cryopreserved samples. Differences after cryopreservation were also detected by AFLP in Prunus (Helliot et al., 2002) and Chrysanthemum (Martin et al., 2011) . Therefore a combination of markers and techniques should be used to cover all levels of variation and to guarantee the stability of cryopreserved plant material. Withal, it has been proven that cryopreservation can produce molecular alterations in key genes and transcripts undetectable by traditional assays in other species (Riesco and Robles, 2013) . In tomato, LCY-B is considered an important carotenogenic gene that codifies a crucial enzyme involved directly in the synthesis of α-carotene and β-carotene through the cyclization of lycopene (Moreno et al., 2013) . As the most powerful antioxidant in the carotenoid family, lycopene plays an important role in the prevention of cancer and chronic diseases (Rao and Agarwal, 2000; Terry et al., 2008) . Tomato carotenoids are beneficial not only for human health but also for major breeding traits such as fruit color (Gady et al., 2012) . Therefore, we considered LCY-B gene an important candidate for genetic stability testing following cryopreservation. Although in our experiments LCY-B gene sequencing detected a point mutation in Capriciu and Darsirius, we have concluded that this was not due to the cryopreservation process itself, since this mutation was present in both control and cryopreserved samples. This clearly shows that these cultivars are mutants for the LCY-B gene and require further investigation. An LCY-B mutation was also reported in Arabidopsis, thus arguing for LCY-B to be the major lycopene-β-cyclase gene in land plants .
Most of the molecular techniques used for genetic integrity testing indicated that generally no DNA alterations occurred following cryopreservation in different plant species (Zhai et al., 2003; Liu et al., 2004; Nair and Reghunath, 2009; Cejas et al., 2013) . Nevertheless, there are several reports where differences between control and cryopreserved genotypes were found (Benson, 2008; Martin et al., 2011; Zevallos et al., 2014) . It was suggested that these genetic changes might not be associated with the cryopreservation process itself, but rather with the overall tissue culture and cryoprotection and regeneration process (Harding, 2004; Benson, 2008; Zevallos, 2014) . However, these DNA alterations were not found to influence the survival rate of cryopreserved plants (Castillo et al., 2010; Zevallos et al., 2013) . These divergent results may be explained due to the noncoding DNA sequences, which reveal variability that may not be associated with any physiological trait or function but may specify a certain degree of genome instability (Antony et al., 2012) . Therefore, analysis of DNA sequences linked with particular genes that encode for essential proteins associated with phenotypes of interest should be also considered for testing the genetic fidelity of cryopreserved plant material. Moreover, molecular screening at the early stages of micropropagation are considered to meet the requirements for clonal uniformity of tissue cultured plants, providing the opportunity to reevaluate and modify the propagation protocols in order to achieve the genetic fidelity of the tissue culture raised plants (Bhatia et al., 2004 (Bhatia et al., , 2005 .
The data presented in this study showed that AFLP and sequencing of LCY-B gene from leaves revealed no genetic changes in the tested tomato cultivars after cryogenic storage and subsequent shoot regeneration. However, to improve the detectability of genetic changes at the molecular level in cryostored plant material, a combination of techniques should be used.
